Background and purpose: The deleterious effect of hyperthermia on intracerebral hemorrhage (ICH) has been studied. However, the results are not conclusive and new studies are needed to elucidate clinical factors that influence the poor outcome. The aim of this study was to identify the clinical factors (including ICH etiology) that influence the poor outcome associated with hyperthermia and ICH. We also tried to identify potential mechanisms involved in hyperthermia during ICH. Methods: We conducted a retrospective study enrolling patients with nontraumatic ICH from a prospective registry. We used logistic regression models to analyze the influence of hyperthermia in relation to different inflammatory and endothelial dysfunction markers, hematoma growth and edema volume in hypertensive and non-hypertensive patients with ICH. Results: We included 887 patients with ICH (433 hypertensive, 50 amyloid, 117 by anticoagulants and 287 with other causes). Patients with hypertensive ICH showed the highest body temperature (37.5 AE 0.8°C) as well as the maximum increase in temperature (0.9 AE 0.1°C) within the first 24 h. Patients with ICH of hypertensive etiologic origin, who presented hyperthermia, showed a 5.3-fold higher risk of a poor outcome at 3 months. We found a positive relationship (r = 0.717, P < 0.0001) between edema volume and hyperthermia during the first 24 h but only in patients with ICH of hypertensive etiologic origin. This relationship seems to be mediated by inflammatory markers. Conclusion: Our data suggest that hyperthermia, together with inflammation and edema, is associated with poor outcome only in ICH of hypertensive etiology.
Introduction
Non-traumatic intracerebral hemorrhage (ICH) accounts for about 15% of all strokes and is one of the most devastating strokes with poor outcome [1] . Therapeutic strategies aimed at minimizing brain injury following ICH are mainly supportive, including airway protection, hemodynamic stabilization and control of intracranial pressure [2] . Hyperthermia has deleterious effects in all types of brain injuries, including ICH. In particular, hyperthermia occurs in up to 30-40% of patients with ICH and is associated with the highest morbidity and mortality rates [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, results are not conclusive and there is still a clinical need for new studies and strategies to clarify the temperature-generating effects [13] [14] [15] . Understanding the mechanisms by which hyperthermia affects the progression of the lesions may lead to advances in the treatment and care of patients with ICH [16] [17] [18] . Previous studies suggested that aspects such as increased intracranial pressure, reduced cerebral blood flow, increase in pro-inflammatory cytokines and axonal death could be involved in the main deleterious consequences of hyperthermia [6, 15] .
Primary ICHs include a spectrum of different etiopathogenetic mechanisms and the factors that determine evolution and prognosis are presumably not similar in all of them. Therefore, the application of common therapeutic strategies for every subtype of ICH may affect the different neurological outcomes of these patients [1, 16, 19] . The objectives of the present study were to: (i) identify the influence of temperature on the clinical evolution of patients with ICH regarding the etiology of bleeding and (ii) evaluate the mechanisms involved in hyperthermia during ICH.
Materials and methods

Study design
From a prospective registry, we conducted a retrospective study enrolling previously functionally independent patients (modified Rankin Scale score of <1) with a spontaneous non-traumatic ICH (n = 887), confirmed by neuroimaging, at <24 h from clinical onset. Patients with ICH were admitted to the Neurology Department of the Hospital Cl ınico Universitario de Santiago de Compostela and were included in a prospective stroke registry (BICHUS). Patients with hemorrhagic transformation from an ischemic stroke subtype or with chronic inflammatory diseases were excluded. The recruitment period was from June 2008 to April 2017. The study was carried out in accordance with the Declaration of Helsinki of the World Medical Association (2008) and approved by the Ethics Committee of Clinical Research of Galicia (CEIC). Written informed consent was obtained from each patient or their relatives after full explanation of the procedures.
Clinical variables
All patients were admitted to an acute stroke unit and treated according to the guidelines of the Cerebrovascular Diseases Study Group of the Spanish Society of Neurology [20, 21] . Clinical variables are detailed in Appendix S1.
Clinical outcomes
According to the definition used in previous studies [22, 23] , axillary temperature ≥37.5°C was considered as hyperthermia. Stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS) score at admission, 24, 48 and 72 h. Early neurological deterioration was defined as an increase of ≥4 points in NIHSS score within the first 48 h with respect to baseline NIHSS score. The study's main variable was the poor neurologic outcome at 3 months (defined as modified Rankin Scale score of >2). Both NIHSS and modified Rankin Scale scores were evaluated by internationally certified neurologists (M.R.-Y., S.A., M.S., E.R.-C. and I.L.-D.).
Neuroimaging studies
The computed tomography study was performed at admission and between days 4 and 7, except for patients with a neurological complication or a decrease of four points in the NIHSS score. ICH and perihematomal edema volumes were calculated by using the ABC/2 method [24] . ICH topography was classified as lobar when it predominantly affected the cortical/subcortical white matter of the cerebral lobes or as deep when it was limited to the internal capsule, basal ganglia or thalamus. All infratentorial ICH cases were excluded (despite our knowledge that ICHs in the pons, deep cerebellar, etc. are probably hypertensive related and were also regarded as deep). Neuroimaging evaluations were made by the same neuroradiologist blinded to the clinical data.
Statistical analyses
Statistical analysis is detailed in Appendix S1.
Results
Patients
We included 887 patients. ICH etiology was related to hypertension in 433 patients (48.8%), amyloid angiopathy in 50 patients (5.6%), anticoagulants in 117 patients (13.2%) and other causes in 287 patients (32.4%) (49 arteriovenous malformations, 34 hematological diseases, 21 secondary to drugs, 19 brain tumors, 13 vasculitis and 151 without known cause). A total of 57.8% of the total patients included were males. The mean age was 72.9 AE 13.1 years.
Longitudinal studies of groups Figure 1 shows the axillary temperature determined at admission, maximum temperature in the first 24 h and their increase in relation to the bleeding etiology. Hypertensive patients showed the maximum temperature (37.5 AE 0.8°C) and the maximum increase in temperature (0.9 AE 0.1°C) in the first 24 h. When analyzing patients according to the etiology of bleeding, it was verified that hyperthermia was a factor in poor outcome at 3 months in hypertensive ICH, but not in ICH of non-hypertensive etiology (Table 3) . Temperature and biomarkers A higher correlation was obtained in patients with hypertensive versus non-hypertensive ICH between the maximum temperature in the first 24 h and different inflammation and endothelial dysfunction markers, i.e. leucocytes (r = 0.359, P < 0.0001 and r = 0.260, P = 0.035), fibrinogen (r = 0.251, P < 0.0001 and r = 0.103, P = 0.054), C-reactive protein (r = 0.701, P < 0.0001 and r = 0.186, P = 0.062), sedimentation rate (r = 0.546, P < 0.0001 and r = 0.358, P < 0.0001) and microalbuminuria (r = 0.280, P < 0.001 and r = À0.049, P = 0.502) (Fig. 2) . When molecular markers were included in the logistic regression models, we observed that the main variables were independently associated with poor outcome in hypertensive ICH (Table S1 ). We found no association between the growth of the hematoma during the first week and the increase in body temperature in the first 24 h in all patients (hypertensive, r = 0.047, P = 0.412; nonhypertensive, r = 0.036, P = 0.695). However, a positive relationship between the edema volume and body temperature in the first 24 h was demonstrated only in hypertensive patients (Fig. 3) . This relationship seems to be mediated by inflammation markers (leucocytes, r = 0.438, P < 0.0001; fibrinogen, r = 0.229, P < 0.001; C-reactive protein, r = 0.672, P < 0.0001) but not by endothelial dysfunction markers (microalbuminuria, r = 171, P = 0.072). Table S2 details the regression coefficients of edema volume at day 4-7 with molecular markers of inflammation.
Hypertensive patients with intracerebral hemorrhage
Approximately 40.9% of hypertensive patients with ICH presented hyperthermia in the first 24 h. The univariate study showed that these patients had higher levels of leukocytes (9.8 AE 3.8 vs. 8.4 AE 2.5910 3 /mL, P < 0.0001), fibrinogen (449.8 AE 96.5 vs. 431.6 AE 91.6 mg/dL, P < 0.0001), microalbuminuria (50.6 AE 32.9 vs. 31.2 AE 57.5 mg/24 h, P < 0.0001), C-reactive protein (10.8 AE 6.1 vs. 5.3 AE 1.5 mg/L), sedimentation rate (39.9 AE 23.2 vs. 17.6 AE 15.2 mm, P < 0.0001), hematoma volume on admission (45.2 AE 52.3 vs. 28.1 AE 21.8 mL, P < 0.0001), edema volume in the control neuroimaging (43.8 AE 20.4 vs. 6.1 AE 7.0 mL, P < 0.0001) and early neurological deterioration (60.0 vs. 93.0%, P < 0.0001). Multivariable analysis is detailed in Table S3 .
Discussion
In this study, we found that the maximum axillary temperature within the first 24 h after admission is a factor associated with poor outcome in a large unselected series of patients with non-traumatic ICH. We determined that each°C of body temperature is associated with about 30% more risk of dying or being dependent at 3 months. Results are in line with clinical and pre-clinical studies on the deleterious effect of hyperthermia and fever in different neuronal pathologies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 25] . This study shows that hypertensive patients with ICH with a body temperature in the first 24 h ≥ 37.5°C have a 5.3-fold higher risk of poor outcome at 3 months. In addition, in hypertensive ICH, each°C of body temperature increase in the first 24 h increased the proportion of patients with poor outcome at 3 months by 3.3 times. Our clinical data suggest that hyperthermia is a factor in poor outcome mainly in hypertensive ICH, in agreement with recent findings related to fever in patients with ICH [8, 10] . Other studies have shown correlations between lesion size and hematoma location with the development of fever after brain injury [26, 27] . To the best of our knowledge, independent association of hyperthermia (within 24 h after admission) with bleeding etiology in patients with ICH has not been previously accurately evaluated.
We determined that the highest temperature in the first 24 h in patients with hypertensive ICH significantly correlates with well-established cellular and molecular markers of inflammation and endothelial dysfunction. This correlation is less pronounced in other subtypes of hemorrhage. These findings support our previous data, where we found that a biomarker of the blood-brain barrier (matrix metalloproteinase-9) was a mediator between hyperthermia and poor outcome in a heterogeneous population of patients with ICH [9] . Recently, we reported an acute short-term treatment with a new antifibrinolytic agent (CM352), which limits brain damage by reducing hematoma expansion leading to improved functional and neurological recovery in an ICH rat model [28] .
Hypertension is a chronic inflammatory disease, where the association between inflammation and hyperthermia is still unclear. The hematoma location, extension and subarachnoid contamination could justify ICH of hypertensive etiology affecting central mechanisms of thermoregulation especially in deep and large lesions [10, 11] . Events such as hematoma growth, breakdown of the blood-brain barrier, development of edema, reduced cerebral blood flow or increase in pro-inflammatory cytokines and axonal death could be involved in the adverse consequences of hyperthermia [6, [29] [30] [31] . The inclusion of inflammation markers lowered the OR of the temperature for poor outcomes, which suggests the presence of an inter-relationship between temperature and inflammation markers. Due to the selective population analyzed, we can consider that hypertensive patients with ICH have a high probability of a poor outcome only associated with inflammatory mechanisms in the first 24 h.
An association was determined between the edema volume during the first week and body temperature in the first 24 h, which was mediated by inflammation markers. We have not found the same relationship with the hematoma growth during the first week. This result was in contrast to previous studies [8, 10] that found a probable association between fever and hematoma growth as early as 24 h.
Our study has limitations. First, this was a monocenter study with a retrospective analysis (data collection was unified in all consecutive patients with ICH) and a prospective and multicenter study could provide more solid results. Secondly, the origin of fever was not identified. However, body temperature was the main variable, not the physiological mechanism involved in the increase of temperature. The negative influence seems similar in patients with hyperthermia of infectious and central origin, as also demonstrated in ischemic stroke [11] . Thirdly, we did not take the location of the lesion into account in our analysis. Fourthly, hematoma growth was estimated between admission and 48 h (44.6% of total patients). A multicenter study showed correlation between hematoma growth determined at 48 h and neurological deterioration [5] . Fifthly, axillary temperature is not the best assessment of core temperature, but the nursing staff of the stroke unit is trained to record axillary temperature. Invasive procedures are not justified in stroke patients with moderate or mild neurological deficits and tympanic or rectal temperature is not always feasible. Lastly, we did not evaluate potential treatments for hyperthermia and possible outcomes. We consider that these parameters should be the subject of therapeutic studies. We specifically focused the analysis on a homogenous population of patients with ICH, with etiological characterization, including a large sample size with several clinical variables analyzed in order to minimize possible analytical gaps.
Conclusions
Our data suggest that hyperthermia is associated with poor outcome, but only in ICH of hypertensive origin. There is a probable relationship between edema volume and elevated body temperature in the first 24 h in hypertensive patients with ICH. This relationship seems to be partially mediated by inflammation markers, but not by endothelial dysfunction markers. on Cerebrovascular Diseases RETICS-INVICTUS (RD16/0019) and European Union FEDER Program. 
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